A comparative study of genie allozyme and chromosomal polymorphisms in four continental (South American) and six oceanic island (West Indies) populations of Drosophila willistoni has been made. (7) and chromosomal inversions (16-18) in many other, chiefly continental, localities.
tions, respectively. By contrast, chromosomal polymorphism is sharply reduced on the islands compared to most continental populations, and some chromosomal inversions are more frequent on some islands than on others.
The observations are not compatible with the hypothesis that most of the gene variants are adaptively neutral. Balancing natural selection is responsible for most of the genic polymorphism in natural populations of D. willistoni.
Recent studies, using the technique of gel electrophoresis, have disclosed a hitherto unsuspected abundance of protein polymorphisms in populations of organisms as diverse as man, mice, Drosophila flies, horseshoe crabs, wild oats, and barley (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . It is estimated that from 20 to 50% of gene loci are polymorphic, and that an average individual is heterozygous for 5-20% of its loci. Chromosomal polymorphisms, due to inversions of blocks of genes, have been known in natural populations of many species of Drosophila for several decades (for a review, see ref. 11) . How are these polymorphisms maintained in the populations, and what is their evolutionary significance? Heterotic balancing selection, and perhaps other forms of balancing natural selection, is responsible for the maintenance of most of the inversion polymorphisms (11) . What maintains enzyme and other protein polymorphisms is still an open question. One possibility is that balancing natural selection is here also the responsible agency. On the other hand, some genetic variants may be adaptively neutral, and their frequencies may fluctuate in populations owing to the process of random genetic drift. The hypothesis of adaptive neutrality would lead one to expect that the gene frequencies in geographically isolated populations should be uncorrelated. ple, an allele designated 0.96 codes for a protein that in our gels migrates 4 mm less than the standard toward the anode. The localities are listed from the southernmost to the northernmost; the first four are the continental and the last six are island populations.
Genetic variation has been found at every locus studied, at least in some localities. The degree of polymorphism varies considerably, however. At three loci (Lap-5, Est-7, and Adk-i) more than 50% of individuals are heterozygous. At the other extreme, less than 2% of individuals are heterozygous for the Mdh-2 and a-Gpdh loci. At six other loci (Est-2, Est-S, Est-4, Me-i, Tpi-2, and Hk-3), the most common allele has a frequency of 0.9 or greater in all the localities sampled. These eight weakly polymorphic loci are omitted in Table 1 .
The patterns of the enzyme polymorphisms are, in general, remarkably similar in all (continental as well as island) populations. The same alleles at a given locus have, as a rule, high, intermediate, and low frequencies in all the localities sampled. Nevertheless, the allelic frequencies are not identical in all populations. For example, the allele 1.03 of the Lap-5 locus is the most common in the four continental populations in Table 1 , and, in fact, throughout most of the distribution area of D. willistoni (7) . In the six island populations, the allele 1.00 is the most frequent. At the Est-7 locus, the average frequency of the allele 1.00 increases from 0.56 in the continental populations to 0.67 in the islands. At the To locus, allele 0.86 is rare or absent in Colombia, but common in the islands, being the most frequent allele on Bequia and St. Vincent. These two island populations differ from the continental ones also at the Idh locus: -the allele 1.04 has frequencies of 0.13 anid 0.25 on these islands, while it is rare or absent elsewhere.
The proportion of loci that are polymorphic can be used as a measure of the genetic heterogeneity in a given population. If we consider a locus polymorphic if the second-most-common allele has a frequency 0.01 or higher, the proportion of polymorphic loci is 82.4% in Colombia and 79.5% on the islands.
If we adopt a criterion of polymorphism that the most common allele should have a frequency of 0.95 or lower, 54.2% of the loci are polymorphic in Colombia and 48.8% on the islands. The average proportion of loci at which an individual is heterozygous is another measure of genetic heterogeneity. This is obtained by averaging over all loci the proportion of heterozygous individuals. These values are given in the bottom line in Table 1 , based on 20 loci that have been examined in every locality; the average turns out to be 18.4 i 0.8% in the continental and 16.9 ± 0.6% in island populations. At most loci, the continental populations are slightly more heterogeneous than the island ones. Two notable exceptions are the Idh and To loci, which are more variable on the islands than on the continent.
As shown in Table 2 , chromosomal polymorphismns behave very differently from enzyme polymorphisms. With the exception of Trinidad, which is geologically a part of the continent of South America, island populations display little chromosomal polymorphism. Continental populations are much more variable, except those in ecologically or geographically marginal localities (16) (17) (18) (19) . Qualitatively, no chromosomal inversions are endemic to the islands, and the inversions found in the island populations are among the most frequent in continental populations. Furthermore, some island populations are strikingly different from others in the inver- Lucia. Despite the small numbers of the chromosome complements studied (25 per island), these differences are probably significant.
DISCUSSION
An enormous amount of genetic variation, both at the molecular and at the chromosomal levels, has been discovered in Drosophila willistoni. That the chromosomal variation is maintained by balancing natural selection is fairly well established, but this hypothesis has not been proved for the molecular-level variation. A hypothesis that much of the molecular-level variation is adaptively neutral is favored by certain authors (12) (13) (14) . The frequencies in populations of selectively neutral variants are subject to random genetic drift. Differences between species at the molecular level, according to this hypothesis, are mostly the result of random processes. This hypothesis leads to some predictions that can, fortunately, be tested against observable facts. The number of neutral alleles that can be maintained in a given population is, approximately, 4 Nu + 1, where N is the effective size of the population and u is the mutation rate to neutral alleles (12) . If N and u are of the appropriate magnitude, any number of alleles can exist in a given population. However, if we assume, as is reasonable, that the rate of mutation at a given locus is of the same order of magnitude in all populations, differences in population size should result in differences in the number of alleles. We find that, on the contrary, the number of alleles is about the same in all populations studied.
An even more serious difficulty with the neutrality hypothesis is as follows. If we postulate effective population sizes much larger than the reciprocal of the mutation rate, we should find a large number of alleles. For instance, if the population size is 10 times as large as the reciprocal of the mutation rate, about 41 alleles should be segregating in the population. If the size of the population is approximately the reciprocal of the mutation rate or smaller, we should find five or fewer alleles in each population, but different alleles in different populiatins. In any case, whether population size is large or small, the allelic frequencies should not be the same in all populations if the frequencies are governed by random processes. These expectations stand in sharp contrast with our findings. The same alleles appear in most populations, and they occur with frequencies that are highly correlated. The hypothesis of selective neutrality evidently cannot account for the observed pattern of genetic variation.
It has also been suggested that if there is a substantial amount of migration between neighboring populations, the species may effectively approximate a single panmictic population (13) . At first sight, this is an attractive hypothesis because it would explain, even with selective neutrality, the similarity of allelic frequencies in different populations. One difficulty, however, is that if the allelic variants are selectively neutral there is no easy way of explaining regional and local differences as have been observed in the present, as well as in other, studies (2, 6, 7, 10, 15) . Why should two populations, such as Puerto Lopez and Tame, have very similar allelic frequencies at some loci, e.g., Idh and Lap-5, but different frequencies at Me-2 and Acph-2?
The similarities of gene frequencies between continental and island populations cannot be accounted for by migration. We have chosen six oceanic islands that were not connected with each other or with the continent of South America in geological history. Their Drosophila inhabitants must have reached them by accidental transport of small numbers of founders. Substantial differences in the chromosomal polymorphisms between the islands and the continent, and between different islands, attest to their geographic isolation. It is natural selection that is the main factor controlling the genetic variation in natural populations of D. willistoni. Further studies are, of course, required to ascertain the relative roles played by heterotic, diversifying, frequency-dependent, and other forms of balancing selection (11, 15) .
Comparison of the genic and chromosomal polymorphisms in the populations studied is very instructive. At least 50 distinct inverted sections have been recorded in the chromosomes of D. willistoni (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . The extent of chromosomal polymorphism varies greatly in different populations, being reduced on oceanic islands as compared to the continent and continental islands (e.g., Trinidad, 
